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INTRODUCTION 
The importance of weaning weight to the beef producer is shown by the 
extensive amount of research devoted to this subject (Knapp and Clark, 
1950; Gregory ^  £l•j 1950; Koch and Clark, 1955a, 1955b, 1955c, and 1955d; 
Shelby et , 1955; Lindholm and Stonaker, 1957; Shelby et al., 1957; 
Swiger et al., 1962; Swiger et , 1963; Brinks e^ al,, 1964a; Swiger _et 
al., 1965). This reported research accompanied by the "dwarfism scare" 
has been responsible for increased emphasis on performance testing, select­
ing for breeding purposes faster gaining bulls and larger cattle in gener­
al. However, due to the genetic correlations among traits which affect 
growth, direct selection on one trait will be accompanied by correlated 
changes in other trait(s). This points to the importance of knowing as 
much as possible about the genetic and environmental relationships among 
economically important traits. 
Numerous analyses of genetic and environmental effects on weaning 
weight and growth rate up to 18-months of age have been reported (Lindholm 
and Stonaker, 1957; Carter and Kincaid, 1959b; Swiger e^ , 1961; 
Brinks e^ al., 1962a; Shelby et , 1963; Brinks et al^., 1964b; Swiger 
et al., 1965) . 
Marlowe (1962) and Brinks e^ al^. (1962a) reported phenotypic correla­
tions of weaning weight with mature weight of the dam. However, to proper­
ly assess the net progress of selection on early growth, the correlated 
response of other traits must be considered. Therefore, studies of the 
association of the components of mature weight of the dam with the com­
ponents of weaning weight are needed. 
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An attempt is made in this study to estimate the relationships of the 
additive genetic effects among weaning weight, mature weight and maternal 
ability. 
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REVIEW OF LITERATURE 
Weaning Weight 
Sex 
Young bulls, steers and heifers grow at different rates, both before 
and after weaning. Several studies have been made concerning the best 
method of correcting for sex differences so comparisons can be made among 
animals or groups where sex differences are involved. One of two methods 
(additive or multiplicative) of adjustment is used. Both methods of ad­
justment can be correct depending on the variation within each sex. Mason 
et al. (1958), Koch et al. (1959), Brinks ^  al• (1961), and Cundiff et al. 
(1966) have shown that both methods equalize the means between adjusted 
groups, but that only the multiplicative adjustment will affect the vari­
ances within the adjusted groups. 
The concept, supported by Mason e;t ^1. (1958) and Koch et a^. (1959) 
is that, although the adjusted values of the heifers should be those which 
would have existed had the heifers been steers, the variance of the ad­
justed heifer values should also be the same as the variance of the unad­
justed steer values. The concept can be expressed by the equation 
A — g 
H - H 
A _ 
where S is the adjusted heifer value; S is the average steer value; H is 
the actual heifer value; H is the average heifer value and Sg and s^ are 
the standard deviations of the steer and heifer values respectively. If 
the variances of the two sexes are equal, the appropriate adjustment factor 
is the difference between the means of the two sexes. 
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However, if the within sex variances are not equal but the coeffi­
cients of variation (s/%) are equal, the appropriate adjustment factor 
would be multiplicative, its value being the ratio of the means of the two 
sexes. The multiplicative adjustment will not only equalize the means of 
the two sexes, but will also equalize the variances of the two sexes. 
The research reported to date has shown the influence of sex upon 
weaning weight to be important. These reports have consistently shown 
that bull calves have heavier weaning weights than steers, while steers 
exceed heifers by a greater amount. A summary of a few of the reported 
differences between sexes in weaning weight is given in Table 1. 
Koch et £l. (1959), Brinks ^  al.. (1961), Minyard and Dinkel (1965), 
and Cundiff e^ al. (1966) have studied the comparative effectiveness of 
both methods of adjustment. They have consistently reported that multi­
plicative adjustments reduced sex differences in weaning weight more 
satisfactorily than additive adjustments. 
Age of dam 
The dam contributes to the genetic growth potential of the calf as 
well as the preweaning environment in which this potential is expressed. 
Age of dam is a classifiable component of maternal environment which has 
been found to contribute significantly to the variation in weaning weight. 
Weaning weight generally increases with age of dam up to 6, 7 or 8 years 
of age, with a decline appearing after the maximum has been reached. The 
rate of decline after the maximum has been reached depends primarily on 
selection and feed availability. In herds where selection of the cows has 
been on weaning weights of their calves, the older cows would be the best 
Table 1. Summary of recent constants for sex effects on weaning weight 
Additive (lb.) Multiplicative 
Breed Bull Steer Heifer Bull Steer Heifer 
Burgess e^ a^. (1954) Hereford 14 -6 -8 
Minyard and Dinkel (1960) Mixed 34 0 1.00 1.09 
Brinks at a_l. (1961) Hereford 21 0 .94 
o
 
o
 
I—I 
Hereford 24 0 .93 1.00 
Swiger (1961) Hereford 45 0 
Lasley (1961) Hereford 25 0 1.00 1.08 
Neville (1962) Hereford 13 0 
Swiger et_ aj^. (1962) Mixed 
Hereford 
.95 
.94 
1.00 
1.00 
Warren et (1965) Mixed .94 1.00 1.04 
Minyard and Dinkel (1965) Mixed 34 0 1.08 1.00 
Fitzhugh (1965) Hereford 12 -12 
Cundiff et_ al^. (1966) Mixed 33 -11 -22 .89 o
 
o
 
1.02 
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producers of their respective birth-year-groups and, unless progress was 
very fast, the mean weaning weight of the older cow groups would not be 
expected to be below the overall mean. If no selection had been practiced, 
the mean of the older age groups would be expected to be below the overall 
mean. 
Lush and Shrode (1950) have presented the theoretical analyses of two 
biases which may arise in estimating age-of-dam correction factors from 
data in which selection for the trait has been practiced. Correction fac­
tors which have been derived by comparing all records made at each age to 
the mean (Method A) will be biased upward in the younger groups and down­
ward in the older groups. The biases of correction factors derived by 
comparing weaning weights of calves produced by the same cow at different 
ages to the mean (Method B) will be in opposite directions to the biases 
in the previous method. The latter method does eliminate the difference 
between cows but, due to the incomplete repeatability of weaning weight, 
the estimates are not equal to the true age effects. 
Feed availability will affect the mean weaning weights of calves 
from the older cows because their ability to "rustle" for feed is impaired 
as compared with that of younger cows. In semiarid areas the older cows 
are less able to walk extreme distances for water and feed, and fail to 
provide as adequate a maternal environment as do the younger cows. An en­
vironment of an abundance of nutritious grass may produce the opposite 
effect, so the mean weaning weight of calves from the older cows is nearly 
equal to the overall mean. A summary of a few of the reported age-of-dam 
correction factors for weaning weight is given in Table 2. 
In estimating year effects the same situation occurs in working with 
Table 2. Summary of recent estimates for effects of age of dam on , weaning weight 
Author and date Breed Aee of dam. years 
2 3 4 5 6 7 8 9 10 
Koch (1953) 
•v . 
Hereford -46= -21 - 8 0 - 8 - 2 - 7 -15 
-35^ -13 - 4 0 - 5 -11 -19 -35 
-41® 
-18 - 6 0 - 3 - 6 -12 -24 
Swiger (1961) Hereford 0 19 44 — — -- —  —  — —  -93——————— — — ————102 a__ 
Lehman ^  al_. (1961) Mixed -32 0 20 33 46 32 33 22 22 
Swiger aA. (1962) Angus -25 -18 8 5 9 12 1 9 -r 
Hereford^ -48 -28 - 3 8 16 14 22 16 0' 
Bailey and Gilbert (1962) Hereford -23 - 2 - 2 -
Hereford -26 5 5 — - — — —  10 
Brinks et al. (1962a) Hereford -30 -17 - 5 0 1 3 1 - 5' 
Ellis (1963) Mixed -44 -21 - 4 1 13 16 17 2ia 
Mahmud and Cobb (1963) Hereford -31 -21 -10 - 5 --0--
Shelby ^  (1963) Hereford -19 - 2 14 7' 
Hamann £t. al. (1963) Angus'^ -64 -22 - 1 4 23 27 32® 
Pahnish ejt (1964) Hereford -27 -23 - 1 0 18 3 21 - 1 
Maddox (1964) Mixed -38 -35 -19 - 9 7 0 17 25 23 
Tanner (1964) Angus -38 -19 - 3 —  -  — —  -16 ----14 ---12 -
Minyard and Dinkel (1965 ) Mixed -80 -45 -30 -21 - 4 - 3 0 - 8 -16 
Petty (1966) Hereford -59 -32 -14 16 12 20 14 9 22 
^Includes that age and older. 
^Predominately Angus at Lincoln. 
^Predominately Hereford at Fort Robinson. 
^Creep fed. 
^Calculated by intercow method. 
^Calculated by intracow method. 
^Combined estimâtes weighted by 1-r. 
r 
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data from animals which have been selected for the trait of interest as 
occurs in estimating age-of-dam effects. If cows are culled each year, 
then in each succeeding year, the herd would contain a larger share of high 
producing cows. Thus, if averages of all records made each year were com­
pared to an arbitrary year (Method A) the correction factors would be 
biased upward for the earlier years and downward for the later years. A 
comparison of records of the same cow in succeeding years (Method B) would 
yield correction factors biased downward in the earlier years and upward 
in the later years. 
The true correction factors, whether they be for the effects of year 
or age-of-dam, lie between the correction factors yielded by Methods A and 
B. The ratio of the two biases is a function of the repeatability of the 
trait and the intensity of selection (Lush and Shrode, 1950). Thus, if 
the true repeatability could be evaluated, unbiased estimates of the 
effects of years and/or age of dam could be obtained. 
Age of calf 
Differences in the age of young animals when weights are taken is a 
most obvious and important source of variation. This variation due to the 
differences in ages of individuals must be accounted for before a compari­
son for growth can be made. Methods of correcting weaning weights of 
calves for differences in ages are necessary because of the impossibility 
for all cows to calve on the same day and because of the impracticality of 
weighing all calves at a certain age. Calving dates may vary from 60 or 
100 days within a normal calving season. 
Growth curves are sigmoid, and can be altered by environmental 
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causes even within a calving season (e.g., feed availability, temperature, 
disease, humidity and wind). Therefore, a knowledge of the growth curve 
of the individuals in a study is important when they differ in age. 
The bias of a weight-for-age correction may be positive or negative 
depending on what happens to growth rates of early and late calves over 
the period of life studied. In weaning weight data the later, slower 
growing period (approximately 160 days of age and older), will be the major 
cause of curvilinear growth. In this case a linear adjustment for age 
would bias the adjusted weights for younger calves upward, whereas the 
adjusted weights of older individuals would be biased downward. An adjust­
ment using the individuals rate of gain from birth to weaning multiplied 
by a standard age might contain either previously mentioned bias. The 
alternative method is to use an average growth rate of a group of indi­
viduals. 
Another method of adjusting weaning weights for differences in age 
was reported by Bywaters and Willham (1935) and Whatley and Quaife (1937). 
This consists of finding an age intercept (at which weight is zero) that 
is common to individuals growing at different rates. The age intercept is 
subtracted from the actual age and divided into the deviation of the inter­
cept from the standard age. This quotient is multiplied by the actual 
weight. This method assumes a common intercept for all individuals and 
linear growth within the preweaning period. 
Koger and Knox (1945) proposed a similar method of adjustment. In 
this stud% the authors found different regression coefficients for weaning 
weight on age within year, sex and age of dam subclasses. These observa­
tions suggested the use of variable regression coefficients. To predict 
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the appropriate regression coefficient the workers regressed the regression 
of weight on age on the average 205-day weights of the groups. This pre­
dictive equation (0.0069W-1.525) was then substituted into the original 
equation as b. The original equation was W = w + d b, where W is the ad­
justed weight, w the actual weight and d a deviation of actual age from 
the standard age. The equation W = w + d (0.0069W-1.525) was used to pre­
dict the weaning weight at a given age. The principal difference in the 
two previous methods is in the determination of b, since the method of 
Bywaters and Willham (1935) and Whatley and Quaife (1937) requires the de­
termination of an average age intercept. However, if there is no trend in 
size of regression with an increase or decrease in weight at a given age, 
the regression lines will not have this common point of origin. The method 
of Koger and Knox (1945) will be correct if the regression lines do or do 
not converge. Both methods assume linear preweaning rate of growth with 
age. Lush and Kincaid (L945) proposed a quadratic function of weight and 
age to account for the curvilinear growth. The investigators assumed that 
the decrease in rate of gain is constant over the period of growth in 
question. 
In a comparative study of the linear method proposed by Bywaters and 
Willham (1935) and Whatley and Quaife (1937) with the quadratic method of 
Lush and Kincaid (1945), Johnson and Dinkel (1951) observed that the linear 
method underestimated the actual weaning weight by 4.2 pounds with a 
standard error of the estimate of 11.2 pounds and the quadratic method 
overestimated the actual weaning weight by 11.0 pounds with a standard 
error of estimate of 11.9 pounds. They concluded that the linear method 
was the more appropriate. The factors were developed from weights of 
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calves with an age range from 155 to 225 days. They found that at 155 days 
, of age the rate of gain begins to decrease. 
Minyard and Dinkel (1965) compared the two methods of adjustment, 
/actual weanina ««iRht - birth welRhri ^ .^^^dard age + birth «eight and 
\ age in days I  ^ " 
/standard a^e - age interceptl^ actual weight. They found that the latter 
\ actual age - age intercept / 
method reduced the variation in weaning weight due to age more than the 
former method. The difference between the effectiveness of the two methods 
was small, since the correlation between weight and age after adjustment 
were 0.06 and 0.04. The reported regressions of weaning weight on age 
range from 1.20 to 1.85 (Minyard and Dinkel, 1965; and Johnson and Dinkel, 
1951). 
Cow Weight 
Marlowe (1962), Marlowe et (1962), Brinks et (1962a), Ellis 
(1963), Fitzhugh (1965), and Maddox et al. (1965) have recently studied 
the sources of variation which affect cow weight. The sources of varia­
tion, year, age, previous parity, date weighed, fleshing condition and 
month of calving had important influences on cow weight. The primary 
effect of age up to maturity is in skeletal growth. The effects of year, 
previous parity, date weighed, month of calving and age after maturity are 
on fleshing condition. 
The discussion of possible biases in estimates of the effects of 
years and age of dam on weaning weight is also applicable to the effects 
of year and age of cow on cow weight. The reported effects of age on cow 
weight have been consistent in showing that weight increases with age at a 
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decreasing rate up to approximately 8 or 9 years of age. Cow weight be­
gins to decrease at ages of 10 and older (Marlowe, et jd., 1962; Brinks 
et al., 1962a; Ellis, 1963; and Fitzhugh, 1965). 
The effect of previous parity would seemingly have the greatest effect 
on weight under conditions of abnormal feed availability and at younger 
and older ages. Under these conditions the reproductive stresses are 
greatest. This suggests the existence of a parity age interaction. The 
estimates reported (Marlowe e^ , 1962; Ellis, 1963; and Fitzhugh, 1965) 
have shown that nonparous cows (excluding first calf heifers) wean heavier 
calves as compared with parous cows. However, in the studies that sepa­
rated the parous group into a group weaning calves and a group which lost 
calves before 195 days after parturition, the latter group weaned the 
heavier calves the following year. 
The reported phenotypic correlations (Knapp e^ aX., 1942 ; Gregory 
, 1950; Marlowe, 1962; Brinks e^ al^., 1962a; Brinks e^ al., 1964b; 
Tanner, 1964) between weaning weight of the calf and mature weight of the 
dam are positive, except for one estimate of -0.11, varying from 0.096 to 
0.45. With the exception of the estimates reported by Brinks e^ al. (1962a) 
and Marlowe (1962) these are simple correlations. In these studies, the 
reported correlations were calculated on an intrayear and intra-age-of-dam 
bases. The correlations reported by Brinks £t (1962a) were 0.05 with 
spring weight and 0.16 with fall weight. Marlowe (1962) reported a corre­
lation of 0.20 between mature cow weight and weaning weight of her calf. 
The mature weight of the cow was corrected for differences due to years, 
age and season weighed. 
Brinks et al. (L964b) reported the genetic, environmental and phenotypic 
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correlations of mature spring and fall weight with weaning weight of the 
same individual to be 0.59 and 0.51; 0.41 and 0.47; and 0.45 and 0.45, 
respectively. These correlations were calculated on a paternal half-sib 
basis. Marlowe (1962) reported regression coefficients of 0.052 and 0.061 
pounds of preweaning average daily gain per hundred pound change in mature 
cow weight for Herefords and Angus, respectively. Correlation coeffi­
cients of mature cow weight with preweaning average daily gain were calcu­
lated within sire, herd, management practice and year. The correlations 
were 0.20 and 0.23 for Herefords and Angus, respectively. However, pre­
weaning gain of the calves was not adjusted for age of calf. Age of calf 
ranged from 120 to 240 days. Therefore, the reported regression coeffi­
cients may be biased. 
Entangled in the previously mentioned correlation and regressions, is 
the genetic and environmental association of maternal effects of the cow 
with the growth potential of the calf. Dickerson (1947), Koch and Clark 
(1955c), Hill 0^3^' (1966), and Deese and Koger (1967) have reported an 
antagonism between the additive genetic effects for maternal ability and 
the direct genetic effects of preweaning daily gain. However, a positive 
phenotypic relationship between milk production of the dam and preweaning 
growth of the calf has been reported (Knapp and Black, 1941; Drewry et al., 
1959; Gifford, 1953, and Neville, 1962). 
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DATA AND METHODS OF ANALYSIS 
Data 
The data used in this study were collected at the United States Range 
Livestock Experiment Station at Miles City, Montana, during the years 1939 
through 1961, under cooperative projects between the United States Depart­
ment of Agriculture and the Montana Agricultural Experiment Station. The 
data consist of the weaning weights (adjusted to 180 days), 18-month 
weights of heifer calves and weights of the cows 3 years of age and older 
taken in the spring (around the first of March) and fall (mid-October). 
These weights are of individuals which are produced by arû/ox make up the 
"test herd". This herd of Hereford cattle is maintained for use in proge­
ny testing inbred Hereford bulls selected from lines at the station. 
The management practices have seemingly remained fairly constant over 
the period in which the data were collected. The cows were placed in 
calving pastures about the middle of March. Each calf was ear-tagged at 
birth and its identification number, dam's number, sex, date of birth and 
birth weight were recorded. About June 1, the cows and calves were moved 
to assigned single-sire breeding pastures. An attempt was made to equal­
ize pastures with respect to the range and age of cows. The breeding 
season, of about 45 to 60 days, began about the middle of June. After 
breeding, the cows and calves were on summer range until the calves were 
weaned about the middle of October. The calves were weaned at an average 
age of 180 days. The cows were placed on fall range until about the first 
of January, at which time they were moved in closer to headquarters for 
wintering. During periods of winter storms, deep snow cover or severe 
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drought, the cows were fed 15 to 20 pounds of hay per head per day. 
After weaning, heifer calves were fed to gain approximately one-half 
pound per day. Yearling heifers were grazed on native range and provided 
with some supplemental feed during their second winter. All heifers were 
bred to calve at 3 years of age. 
Selection and culling of females was based on 18-month weight and 
score and on age, defects or disease and production as measured by the 
weaning weights of their calves. Cows that failed to have a calf in two 
consecutive years were culled, and most cows were culled after weaning a 
calf at 10 years of age. 
The bulls used were selected from inbred lines on the basis of wean­
ing weight and score and feedlot performance. The bulls were randomly 
assigned to breeding herds, which consisted of 20 to 30 cows each. Each 
sire was used only one year. 
Table 3 lists the number of bulls used from each line by year. There 
were 165 bulls used during the period of this study of which 92 were from 
line 1. From 1939 through 1948 the majority of the bulls used each year 
were from line 1. The replacement heifers were selected from the progeny 
of the test herd. Therefore, the test herd was more closely related to 
line 1 than to any of the other lines. 
These data were supplied on IBM punch cards by the Western Region In­
vestigation Leader, his staff and the staff at the U.S. Range Livestock 
Experiment Station at Miles City, Montana. The weaning weight data were 
corrected to a 180-day weight by multiplying each calf's average daily gain 
from birth to weaning by 180. 
Table 3. Number of bulls used by line and year 
Lines Total 
Year 123456789 10 11 12 Progeny 
1939 2 45 
1940 2 1 63 
1941 4 4 148 
1942 5 2 1 148 
1943 4 2 2 171 
1944 5 2 2 189 
1945 8 1 2 262 
1946 10 4 2 326 
1947 8 2 1 280 
1948 10 1 2 302 
1949 2 1 1 1 2 168 
1950 6 1 125 
1951 5 2 169 
1952 1 5 1 132 
1953 6 189 
1954 1 1 1 1 1 1 1 173 
1955 3 1 1 146 
1956 2 1 1 2 1 179 
1957 1 1 1 1 1 1 158 
1958 1 1 1 120 
1959 1 1 124 
1960 2 1 1 1 1 90 
1961 1 2 73 
Line I 
total 92 14 8 11 7 6 7 5 6 6 2 1 
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Methods of Analysis 
Large animal breeding data are not often from an experiment especially 
designed to answer the specific problem in question, hence there is 
necessity of statistical measurement of some sources of variation which 
may not have been controlled experimentally. The data frequently may be 
arranged in a series of cross and nested classifications. The numbers 
within and between these classes may vary considerably, with the occurrence 
of some variables being correlated. 
In order to free the important variables from their possible confound­
ing due to disproportionate subclass frequencies, it is necessary to con­
sider all variables simultaneously. This points to the use of the 
analysis of variance table obtained by employing the principles of least 
squares (Kempthorne, 1952; Henderson, 1953; Harvey, 1960). This requires 
the formulation of a predictive equation for the dependent variable, a 
mathematical model. This model may be written as 
q 
Yi = Xij bj + ei . 
j = 1 
The yj^ is the dependent variable, the x^j's are the independent variables 
and the bj's are the partial regression coefficients. The e^'s are random 
errors assumed to have expectation zero, be uncorrelated and have a common 
variance. Tests of significance are in order if the e^'s are also normally 
distributed. 
A hierarchal analysis was used to estimate components of variance and 
covariance. For this method to yield unbiased estimates of the components 
of variance and covariance, there must be no interaction between the vari­
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ables in the model. Estimation of components of covariance by this method 
requires analyses of the independent variable (X) of interest, the de­
pendent variable (Y) of interest and the sum of the two (Kempthorne, 1957). 
The expectations of the mean squares of the necessary analyses are given 
in Table 4. The component of variance in the analysis of the sum is then 
equal to variance (Y) + variance (X) + 2 covariance (XY). The component 
of covariance between X and Y can then be computed by difference. 
Table 4. Expectations of means of squares for analyses of the dependent 
and independent variables and the sum of the dependent and in-
dependent variables 
Source Expectations of variables 
X Y X + Y 
Variation 
Between (J" ^ k(J" ^  Q" + ^ q- ^+0" 20" + k 
W B W B W W„ W 
X X y y X y xy 
(r ^ +0" 20"  ^
"x By 
2 2 2 2 
Within Q- xy J- +(T + 20~ 
W  W  W W W  
X y X y xy 
Estimation of phenotypic, genetic and environmenta1 parameters 
The purpose of this study was not to obtain estimates of environmental 
sources of variation to be used as correction factors for other data. How­
ever, this variation must be eliminated to accurately assess the genetic 
variability and association of traits. 
The identifiable environmental sources of variation must be 
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controlled statistically in this study. This type of control will only re­
move the average effect of a variable. However, the removal of any envi­
ronmental variation will increase the accuracy of the estimation of 
genetic sources of variation. 
The model assumed to compute the genie and environmental variances 
and covariances was P = G + E. This model assumes there is no correlation 
between the genetic and environmental effects. This is not a desirable 
assumption in many cases because of a forced association between genetic 
and environmental effects. A case is that of the maternal effect being 
environmental to the calf. The calf also receives one-half of its genes 
from its dam (ignoring sex-linkage). If there is a genetic association 
between the maternal effect and preweaning gain, then a correlation be­
tween genotype and environment for weaning weight exists. If a correla­
tion between G and E exists, the variance of P contains covariance (GE), 
and special efforts at measuring this are essential in clearly separating 
genetic and environmental variances. Genetic studies which involve the 
relationship of traits in the dam and offspring are complicated by the 
maternal environment for which there is no direct measurement. 
To estimate the maternal effects and its genetic association with 
growth traits, Koch and Clark (1955c) and Willham (1963), compared the ob­
served component of variance values with the theoretical expectation for 
various types of relationships. The theoretical composition of the geno-
typic covariance between relatives is given in Table 5. The theoretical 
2 
components include the additive genetic variance for weight ((J" ), addi-
2 % 
tive genetic variance for maternal effect (Q". ), covariance 
% 
20 
between additive effects for weight and maternal effect (CT. . ), variance 
Vw 
2 
of permanent environmental influences on maternal effects (0~ ) and the 
2 
variance of random environmental effects (0" ). 
e 
Table 5. Theoretical composition of genetic covariances between different 
relationships 
Theoretical components 
Covariances 
W 
2 
M 
^AA 
W M 
2 
CT cr ' 
e 
Paternal half-sibs 1/4 0 0 0 0 
Maternal grandsire quarter-sibs 1/16 1/4 1/4 0 0 
Maternal half-sibs 1/4 1 1 1 0 
Dam-offspring 1/2 1/2 5/4 0 0 
Within paternal half-sibs 3/4 1 1 1 1 
Within maternal half-sibs 3/4 0 0 0 1 
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RESULTS AND DISCUSSION 
Cow Weight 
The model employed in the analysis of spring and fall cow weights was 
^ijkl = 0, + + Cj + + (cs)j^ + + d%ijkl + bX^ijkl + 
where. 
Y . =  t h e  1 ^ ^  o b s e r v e d  s p r i n g  o r  f a l l  w e i g h t  o f  a  c o w  w h i c h  p r o d u c e d  
the sex of calf in the i^^ year and the age-parity sub­
class, 
CI = the y-intercept, 
= the effect of the i*"^ year, 
c. = the effect of the age-parity subclass. 
J 
= the effect of the sex of calf, 
(cs) = the interaction of the age-parity subclass with the k'"^ 
jk 
sex, 
t = the partial regression of on 
Z . =  t h e  n u m b e r  o f  d a y s  b e t w e e n  t h e  s p r i n g  w e i g h  d a t e  o f  t h e  c o w  a n d  
the date of birth of the calf, 
d = the partial regression of Y^^^^ on 
^ijkl ~ the birth weight of the calf corrected for the year of birth 
and the age of its dam, 
2 
b = the partial regression of Y..^.^ on X. . , 
2 J J .. . 
X^j^^ = the square of the corrected birth weight, and 
= a random, independent error associated with the particular 
observation, 
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The only weights included in the analysis were of cows that were 
pregnant and weaned calves. 
The least-squares constants for the variables included in the model 
are given in Table 6 for spring cows weights and in Table 7 for fall cow 
weights. Cow weights would be expected to vary with the variable climatic 
conditions of different years. However, the spring and fall cow weights 
are not necessarily expected to fluctuate in the same direction within 
years because of the differing environmental effects between seasons. The 
spring weights were taken around the middle of March when the cows were 
moved from winter pasture. These cows were on the average 39 days from 
parturition. The weight of the cows in the spring, although 5.21 pounds 
heavier on the average than in the fall, reflected a lesser fleshing con­
dition than the fall weights. The spring weights were on the average 
heavier because of the late stage of pregnancy. The fall weights were 
taken about the middle of October. The cows had just been taken off spring 
and summer pastures. The fall weights reflect possibly higher conditioned 
individuals. The spring and fall weights depend on the previous pasture 
conditions and herd structure in relation to the number of cows per age 
group. 
Because of existing dependencies between age of cow and parity, the 
effects of the two variables were combined and analyzed as a subclass 
effect. This subclass source of variation contains the effect of age of 
cow, parity and the age of cow X parity interaction. 
A normal trend of weight with age is evident in Figures 1 and 2 with 
the younger cows (3 through 5 years of age) gaining more than the older 
cows. The weight gained by cows up to 5 years of age is expected to be 
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Table 6. Estimated least -squares constants for spring cow weights (pounds) 
N = 3701 
A 
4' 
= 1107.10 
A 
s = 120.49 
Year Constants 
1939 -13.26 
1940 33.02 
1941 65.94 Age of dam and parity 
1942 - 0.02 
1943 -54.76 
b 
Non- 2 
1944 -87.48 Age Parous parous 
1945 -22.82 
1946 -16.84 3 -167.51 
1947 -56.36 4 -123.49 - 13.29 
1948 -58.18 5 - 64.91 38.27 
1949 -92.89 6 - 32.12 61.89 
1950 -66.59 7 - 13.66 59.92 
1951 22.98 8 8.64 85.64 
1952 - 4.22 9 - 12.76 77.93 
1953 51.86 10 - 3.32 25.10 
1954 51.71 11 30.83 60.12 
1955 39.33 
1956 75.21 
1957 26.38 Sex of calf 
1958 45.76 
1959 19.45 Bull 3.63 
1960 36.78 Heifer -3.63 
1961 5.01 
Regression of spring cow weight on 
Days pregnant -0.55 
Birth weight g 3.08 
(Birth weight) 0.035 
^All sources of variation were statistically significant (P-<0.01). 
^Includes only cows calving previous year. 
^Includes only cows not calving previous year. 
^All weights were of pregnant cows which weaned a calf that fall. 
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Table 7. Estimated least--squares constants for fall cow weight (pounds)^ 
N = 3701 
A 
4 = 1101.89 s = 131.92 
Year Constants 
1939 46.84 
1940 - 19.58 
1941 69.79 Age of dam and parity 
1942 21.11 
1943 - 7.64 ^ Non-
1944 8.17 Age Parous parous^ 
1945 - 7.67 
1946 - 66.35 3 -124.99 
1947 6.94 4 -82.44 - 19.25 
1948 - 21.56 5 -34.90 12.34 
1949 -133.44 6 -15.47 45.54 
1950 7.34 7 -10.33 13.91 
1951 43.03 8 0.16 51.61 
1952 22.82 9 -17.01 57.59 
1953 52.69 10 9.67 6.49 
1954 16.65 11 27.80 79.26 
1955 25.24 
1956 16.93 
1957 22.06 
1958 - 8.47 Regression of fall cow weight on 
1959 - 13.01 
1960 0.06 Days pregnant 1.35 
1961 - 80.95 Birth weight 2.14 
^Only constants for statistically significant sources of variation re­
ported (P< 0.025). 
^Includes only cows calving the previous year. 
c 
Includes only cows not calving the previous year. 
primarily due to the weight changes associated with skeletal growth, 
whereas the weight gained or lost by the older age groups is condition or 
fleshing. This is evidenced by the relatively smooth growth curve in the 
younger individuals versus the fluctuating gains and losses of the older 
cows. These growth curves are in general agreement with previously 
Figure 1. Changes in spring cow weight with age in parous and nonparous groups^ 
^Numbers in parenthesis are number of individuals in the respective age-parity group. 
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Figure 2. Changes in fall weight with age in parous and nonparous groups 
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reported growth curves (Brinks, ^  al•j 1962a; Ellis, 1963; and Fitzhugh, 
1965). The constant for 11-year-old cows may be high. This group should 
have been eliminated from the analysis because of the small number of obser­
vations. The age-of-cow-parity estimates of the effects of age on weight 
may be biased because some selection was practiced for cow productivity. 
The method of calculating age of cow constants was to compare averages at 
each age to the overall mean. The age constants in the younger ages are 
biased upward, whereas the constants for the older ages are biased downward. 
The spring weights are on the average heavier than the fall weights. 
This difference is due to relatively large losses of weight of the non-
parous cows in the summer and the stage of pregnancy in the spring. These 
cows evidently put on fat the previous year and use this stored energy to 
produce milk for the calf the following summer and fall. The cows in the 
8- and 9-year-old nonparous groups are considerably heavier than the parous 
cows at those ages. The weight loss of these groups in the successive suck­
ling period is approximately of the same magnitude as their previous gain. 
This heavier weight loss may be caused by the laziness in foraging in these 
cows due to carrying this excess fat. These cows would use the stored 
energy for milk production. 
The parous and nonparous curves are not independent. Tables 8 and 9 
list the age-parity constants along with the changes in weight and the pos­
sible interchange of cows between the two groups. The selection procedure 
did not allow a cow to miss calving two consecutive times; therefore, the 
individuals that were in a nonparous group at a certain age must have been 
in a parous group at the next age. Thus, a percentage of the group calving 
that year which did not calve the previous year can be calculated. 
Table 8. Changes in spring cow weight and herd composition with age and 
parity^ 
dumber in/ ^ is the weight change between adjacent ages in parous 
cows. 
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Table 9. Changes in fall cow weight and herd composition with age and 
parity^ 
lumbers in ( ) is weight change with age. 
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AGE 
AGE CALVING 
3 
4 
8 
8 
10 
I I  
PAROUS WEIGHT 
CONSTANTS CHANGE 
-124 
-82 
WEIGHT 
CHANGE 
10 
;48)f 
-34 
:i9) 
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-10 
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NONPAROUS 
CONSTANTS 
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The parous and nonparous constants are shown by age of cow for spring 
and fall weights in Figures 1 and 2. The differences between the parous 
and nonparous constants are greater in the spring weights than in the fall 
weights. This could be expected because of the different previous stresses 
to which the two groups were subjected. The nonparous groups in the spring 
had not nursed calves the previous year but had just weaned calves prior 
to being weighed in the fall. Therefore, the nonparous group in the spring 
would be the heavier group. 
The averages of the parous groups at ages 4, 5, 6, 8 and 10 were 
greater in the fall than in the spring. The parous cows depend on spring 
and summer grazing to supply nutrients for milk production. The parous 
cows during the spring and summer period must also compensate for the 
previous winter losses. 
From Figures 1 and 2, the only evidence of a possible age by parity 
interaction is in the older age groups. This could be due to sampling in 
the nonparous groups and the interchange of individuals between the two 
groups. 
The sex by age-parity interaction was not a significant source of 
variation. 
Koch et a^. (1959), Taylor et ^1. (1960), Brinks £t §1. (1961), Swiger 
(1961), and Swiger et (1962) have reported that bull calves are sig­
nificantly heavier at birth than heifer calves. Sex of calf was a signifi­
cant (P<^0.01) source of variation in spring cow weights. The cows carry­
ing bull calves averaged 7.26 pounds heavier than cows carrying heifer 
calves. The difference of 7.26 pounds is approximately 1 to 2 pounds 
lighter than the expected difference in birth weight of the two sexes. 
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However, this is a period of rapid growth of the fetus. It is evident from 
these estimates that the bull calves grow at a faster rate than do the 
heifer calves. The difference of 7.26 pounds between the two sexes at an 
average of 39 days before parturition is comparable to the 8 or 9 pounds 
expected difference in birth weight. 
Other variables which contributed significantly (PC0.01) to the vari­
ation in spring cow weight were days pregnant and the linear and quadratic 
effects of birth weight. These regressions are presented in Table 6. 
There was approximately a 45-day range in the days pregnant with a mean of 
39 days until parturition. The regression of spring weight on days from 
spring weight until parturition was estimated as -0.55 pounds. That is, 
the approach to parturition was associated with an increase in cow weight 
of 0.55 pounds per day. 
The sources of variation, sex of calf, days from spring weight until 
parturition and birth weight had significant effects on spring cow weight. 
Sex of calf did not significantly affect fall weight. The signs of the 
constants for the effect of sex of calf on fall weight are opposite to 
those for spring weight. The cows that nursed steer calves were on the 
average 0.45 pounds lighter in the fall than the cows that nursed heifer 
calves. 
The heifer calves, although lighter in weight, were more mature at 
weaning than steer calves. As an individual matures, more nutrients be­
come available for fat deposition. The steer calves were heavier because 
they ate more grass, or deposited bone and muscle instead of fat. 
Cows that calve relatively late in the spring weighed relatively more 
in the fall, as indicated by the partial regression of fall weight on days 
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from spring weight until parturition. The elimination of the stresses of 
the later part of lactation could account for the positive regression 
coefficient. 
The spring and fall cow weights were adjusted for all of the previous­
ly discussed statistically significant sources of variation (P<.0.05). 
The adjusted spring and fall weights, for each year the cow calved, were 
averaged. In the subsequent analyses these weights were used as estimates 
of the cows* mature weight. Thus, a 6-year old cow which calved at 3 
years and at each succeeding age had 4 different estimates of mature 
weight. 
Repeatability of cow weight 
The following model was used to describe the mature weight of the cow: 
?ijk - Hi + cijk. 
wher e, 
= the estimate of mature weight of the j^^ cow within the 
i^^ birth year group. 
jJi ~ the overall mean. 
bj^ = the effect common to all cows of the i^^ birth year group, 
c^j = the effect due to the j^^ cow within the i^^ birth year group, 
and 
e^j^ = the effect peculiar to each observation 
The previous model was used to estimate the between and within cow 
components of variance within calving patterns. A calving pattern consists 
of cows which had weight records at identical ages. A cow was weighed 
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only in the year she produced a calf. Therefore, the cows in the calving 
pattern groups in this analysis were the same cows within calving patterns 
in the maternal half-sib analysis of weaning weight. 
Estimates of the between-and within cow components of variance and 
repeatabilities are reported in Table 10. 
The repeatability estimated for calving pattern 6 was noticeably low­
er than those for other patterns. This group contained cows which calved 
at age 3 and 4. Although the records were adjusted for age of dam and year 
effects the variance within cows was large. This suggests that adjust­
ments for year and age of dam did not effectively remove the environmental 
effects in this calving pattern. The weight change between these two ages 
was the largest of any weight change between two consecutive ages. Cows 
were still increasing in skeletal size between 3 and 4 years of age and 
the relatively large within cow component may be due to differences in 
rate of maturity. 
Differences in rate of maturity during this stage are influenced 
strongly by variation in rate of maturity for maternal ability. Heifers 
that milk heavily at 3 years of age are not likely to gain much weight dur­
ing that lactation. After weaning such heifers may gain rapidly as com­
pared with those which produced smaller amounts of milk. The effects of 
selection of the cows on the basis of the weaning weights of their calves 
did not decrease the variation in mature weight of the cows. This is 
evidenced by comparing the repeatabilities of calving patterns 1, 2, 3, 4 
and 5. Cows in each of these calving patterns all had calves at 3 years 
of age and calved each consecutive year through ages 9, 8, 7, 6 and 5, 
respectively. 
Table 10. Estimates of between-and within cow components of variance and repeatabilities for 
mature cow weight 
Calving 
pattern 
Number 
of 
cows 
Number of 
weights 
per cow 
Components 
Between 
of variance 
Within 
Repeat­
ability 
Ages of COW! 
within 
calving pattt 
1 55 7 4949.82 1784.54 0.74 3 through 9 
2 27 6 4951.11 1041.62 0.83 3 through 8 
3 47 5 3954.57 1302.46 0.75 3 through 7 
4 76 4 4637.36 967.95 0.83 3 through 6 
5 122 3 4986.21 1041.19 0.83 3 through 5 
6 248 2 3659.28 4574.51 0.45 3 through 4 
7 66 2 6058.42 1246.03 0.83 4 through 5 
8 19 5 1534.62 1044.74 0.59 4 through 8 
9 58 2 5194.99 780.00 0.87 5 through 6 
10 28 4 4086.62 1142.58 0.78 5 through 8 
Pooled 746 3.083 4606.64 1725.68 0.73 
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The extremely low between cow component of variance in calving pattern 
8 may be due to sampling variation. 
The repeatability for mature weight is relatively high, as compared 
with repeatabilities for other functional traits in farm animals. There­
fore, the weights of cows at relatively young ages are good indicators of 
mature weights. 
Weaning Weight 
Paternal half-sib analysis 
Weaning weights, adjusted for age of dam and age at weaning, were 
available on 1,964 steers and 1,811 heifers. Bull calves born in this 
herd were castrated at an average age of 45 days. Table 11 contains the 
means, standard deviations, coefficients of variation and heritabilities 
for weaning weight-for each of the sexes. 
The difference between the means of the steers and heifers was 21.04 
pounds. This difference was statistically significant (Pc^O.Ol) and, in 
general, agreed with reports by Brinks e^ (1961), Roger and Knox (1945), 
and Rollins and Wagnon (1956) who compared the weaning weights of steers 
and heifers under range conditions. The steers gained an average of 0.086 
pounds per day more than did the heifers during the 180-day nursing period. 
This physiological advantage is associated with either appetite, feed 
efficiency, or a combination of the two. This difference in weight be­
tween the sexes did not have a statistically significant effect upon 
mature weight of the cow. 
Bartlett's test, used to test for homogeniety of variances, indicates 
that the variances for steers and heifers were significantly different. 
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Table 11. Paternal half-sib analyses for weaning weights of steer and 
heifer calves 
Steers Heifers 
Source Component Percent Component Percent 
of of of total of of total 
Variation d.f. variance variance d.f. variance variance 
Year 22 656.21 24.16 22 633.06 27.37 
Sires/year 151 26.14 0.96 150 139.83 6.04 
Within 1793 2033.78 74.88 1639 1540.47 66.59 
Heritability 0. 04 0 .24 
Standard error 0. 04 0 .08 
Mean 404. 63 383 .59 
Standard deviation 51. 79 47 .75 
Coefficient of variation 12.79 12.45 
The variances and means tended to vary in the same direction, the coeffi­
cients of variation being 12.79 and 12.45 for steers and heifers, respec­
tively. A multiplicative correction factor, the ratio of the means of the 
sexes, was considered appropriate for these data. This is in accord with 
the conclusions of Brinks ^  al. (1961), Swiger e^ (1962), Minyard and 
Dinkel (1965), and Cundiff e;t (1966). These data were adjusted to a 
steer basis by multiplying all heifer records by the factor 1.05. The mul­
tiplicative adjustment almost equalized the means, but only removed ap­
proximately one-half of the difference in the variances of the two sexes. 
In these data mating was not at random. These data consisted of 
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records of inbred and topcross calves. The decreased genetic variance due 
to inbreeding tended to compensate for the inflated genetic variance in 
the topcrosses. 
À 2 
The sire component of variance (CTg) provides the best measure of 
2 
the direct additive genetic variance, presumably containing 1/40". be-
cause the sire transmits to each offspring a sample half of his genes. 
The maternal effects in the paternal half-sib analysis were considered as 
/ 2 
environmental. The composition of the within sire variance (CJ^s 
where, 
2 
= the additive genetic variance of weaning weight, 
W 
rn2 ^  = the additive genetic variance of maternal ability, and 
O". . = the additive genetic covariance of weaning weight with 
VM 
maternal ability. 2 
4 0-, 
Heritability was computed as 
A 2 + ^2 
0~S (T ws 
The heritability estimates for weaning weight were 0.04 and 0.24 for 
the steers and heifers respectively. The estimate of heritability for the 
steers was lower than generally reported. However, the difference in the 
heritability estimates of the steers and heifers is in close agreement 
with those reported by Carter and Kincaid (1959a), Pahnish e;t (1961), 
Pahnish et aj^. (1963), Brinks et_ (1963), and Blackwell et al. (1962). 
These investigators consistently reported higher estimates of heritability 
for heifers than for steers. Pahnish £t aJ. (1961) offers the explanation 
that the heifers may have been at a physiological age which more adequately 
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expresses genetic differences in weaning weight. At weaning, heifers are 
more mature than steers. Carter and Kincaid (1959a) suggested that limiting 
the nutrients would affect steers more severely than heifers. This limita­
tion would restrict the expression of the growth potential of the steers 
which are genetically superior. This would cause a similarity of sire 
groups due to a suboptimum preweaning environment. The heifers, due to 
their normally slower growth rate, would not be restricted so greatly in 
expressing their growth potential. This hypothesis is supported by Brinks 
et_ (1963), who reported the effect of inbreeding of the dam on weaning 
weight of the male progeny to be over three times as large as the effect 
on the female progeny. The advantage in weaning weight of linecross bulls 
was 4.4 percent above their inbred contemporaries, whereas linecross 
heifers showed a 7.5 percent advantage. However, in gain from weaning to 
12 months of age the linecross bulls had an advantage of 6.6 percent over 
their inbred contemporaries, whereas the heifers showed only a 5.1 percent 
advantage. These results suggest that preweaning growth in male calves is 
restricted by the maternal environment provided by the cow. 
The between-sire component of variance of the steers versus that of 
the heifers, in the present study, was indicative of the results which led 
to the previously discussed hypothesis. However, the steer variance was 
significantly larger than the heifer variance. The variation due to years 
accounted for a higher percentage of the total variation in the heifers than 
in the steers. This indicates that the weaning weight in heifers was more 
sensitive or responsive to the environmental changes due to years. If the 
limiting of nutrients was involved the within sire variance of the steers 
would have been smaller and yearly differences would have accounted for 
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more of the variation in the steers than in the heifers. 
The standard errors for the heritability estimates for steers and 
heifers are nearly equal. The standard error of the heritability for the 
steers was equal to the heritability in that sex. This indicates the low 
heritability estimate could be due to sampling errors. The consistent ob­
servations by researchers who have estimated heritability within sexes in­
dicates that a more detailed study which involves a larger number of sire 
groups should be made. If the heritability of weaning weight can be estab­
lished to be higher in the female progeny, heifer progeny will be a better 
predictor of a sires* breeding value. 
Maternal grandsire analysis 
The analysis for differences in weaning weight of calves due to dif­
ferences in maternal grandsires was executed using the model 
?jkl = + bj + Cjk + , 
where, 
= the weaning weight of the 1^^ calf out of the dam out of 
the maternal grandsire, 
jX = overall mean, 
b. = the effect common to all calves out of the maternal grand­
sire, 
c = the effect common to all calves out of the k^^ dam out of the jk 
j maternal grandsire, and 
= the effect peculiar to each calf. 
The observed weaning weights had been adjusted for differences 
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in age at weaning, sex, age of dam and year prior to the present analysis. 
There were 2,564 weaning weight records in the maternal grandsire 
analysis from 159 maternal grandsires. The estimate of the maternal grand-
sire component of variance is given in Table 13. The composition of the 
component of variance due to differences in maternal grandsires is 
2, 2 ,  
1/16 (T + 1/4(7: + 1/4(7. A . 
\  ^ Vm 
This analysis, as well as the dam-offspring covariance analysis was exe­
cuted to obtain estimates of covariance among different relatives. 
The covariance among maternal quarter-sibs was estimated using the 
previously described model. The estimate = 106.91) is larger than 
MGS 
the estimated covariance among paternal half-sibs ((j~g = 79.73) and 
suggests that the genie effects of maternal ability are more important 
than the genie effects for weaning weight in causing resemblance among 
relatives. 
Dam-offspring covariance 
The component of covariance analysis as described by Kempthorne 
(1957) was used to obtain an estimate of the covariance of weaning weight 
of the offspring (Y) with the weaning weight of the dam (X). The weights 
had been adjusted prior to the analysis for the differences in year of 
birth, age at weaning and age of dam. The weaning weights of the offspring 
were also adjusted for the sex difference. 
The model used to describe the adjusted weights, Y and X, and the sum 
of X + Y was 
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c. + e.j, 
where, 
= the dependent variable X, Y or X + Y, 
jj, = overall mean. 
c. = the effect common to all dependent variables associated with 
the i^^ dam, and 
e^j = the effect peculiar to each variable. 
There were 2,235 dam-offspring pairs in the analysis. The estimate 
of the dam-offspring covariance is given in Table 13. 
The component of covariance estimate of a dam-offspring relationship 
has the composition 
was estimated to be 149.32 
The dam-offspring covariance ((Xpo^ differs from the quarter-sib 
covariance (O^gg) only in the proportions of their expected composition. 
0~QQ has a relatively large coefficient (5/4) for ^ . 
W M 
Maternal half-sib analysis 
The model assumed to describe weaning weight after the adjustment for 
sex and age of calf was 
^Ijkl = + =1 + bj + Ck + 
where, 
Y^j^^ = the weaning weight of the 1^^ calf of the dam at the 
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age in the i^^ year, 
jj^  = the overall mean weaning weight, 
a. = the effect common to all calves born in the i^^ year, 
bj = the effect common to all calves from dams of the age, 
c^ = the effect common to all calves from the cow, and 
e^jki = the effect peculiar to each calf. 
Koch and Clark (1955a) attempted to use a similar model but found a 
dependency between year and age of dam when the cow effects were considered. 
The dependency was caused by the calving pattern of each cow fixing the 
years she appeared as a dam and the ages at which she weaned a calf. Koch 
and Clark (1955a) avoided this situation by grouping their data according 
to calving patterns. These groups consisted of cows having the same calv­
ing patterns with respect to their age at the time of calving. The 
records of a cow were used in only one group. Within the calving pattern 
groups the data were analyzed for differences between birth year groups of 
cows, years within birth year, line within birth year and cows within 
lines. In these analyses year effects and age of dam effects were con­
founded, but cow differences could be estimated. 
A similar technique for separating the cow differences from the age 
of dam effects and year effects was used in this study. These effects 
must be considered simultaneously to give unbiased estimates of the effects 
considered in the full model. If the effects of year and age of dam were 
considered without the effects of cows the estimates would be biased be­
cause all cows are not present in all years or age of dam groups. If the 
data were corrected for these effects and then analyzed for cow effects, 
the estimate of the cow variance would be biased downward. 
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The weaning weight records were grouped into ten calving patterns, 
depending upon whether the cows had calves at ages 3, 4, 5, 6, 7, 8 and 9, 
or 3, 4, 5, 6, 7 and 8, or 3, 4, 5, 6 and 7, or 3, 4, 5 and 6, or 3, 4 and 
5, or 3 and 4, or 4 and 5, or 4, 5, 6, 7 and 8, or 5 and 6, or 5, 6, 7 and 
8. All cows which had only one calf were eliminated from this analysis. 
Including only cows which have had two or more records may bias the be­
tween -cow variance. The bias would be downward because of the culling of 
cows with the poorest records after having one calf. 
The data were corrected for age of dam. The correction factors used 
were the combined estimates reported by Koch and Clark (1955a). Approxi­
mately two-thirds of the data in the present study were used in the study 
by Koch and Clark (1955a). 
The model employed to describe the adjusted weaning weight within 
each calving pattern was 
^ijk " ^i ^ij ®ijk 
wher e, 
= weaning weight of the calf in the k^^ year out of the cow 
in the i^^ birth year group, 
jj, = the overall mean, 
= the effect common to all calves out of cows from the i^^ birth 
year group of dam, 
bj^j = the effect common to all calves born in the year within 
the i^^ birth year group of dam, and 
e. = a random error. 
ijk 
The constants for years from this analysis were used to adjust the 
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data which had previously been adjusted for sex, age at weaning and age of 
dam. To obtain estimates of the between-cow component of variance the 
following model was used to describe the adjusted data within each calving 
pattern; 
\jk " \ ^ij ®ijk ' 
wher e, 
= the corrected weaning weight of the calf out of the j^^ 
cow within the i^^ birth year group, 
jX = overall mean. 
a. = the effect common to all calves out of dams from the i^^ birth 
1 
year group. 
c.. = the effect common to all calves out of the j^^ cow within the ij 
i^^ birth year group, and 
e^j^ = the effect peculiar to each calf. 
The component of variance due to the between-cow variation (CTq) is 
the covariance between maternal half-sibs. This component is composed of 
2 
A 2 /\ 2 
The theoretical composition of (Xq differs from CTj^gg by a multiple 
2 A 2 A 2 2 2 
of four plus the term (J* . Thus, CT " = 0~ • CT is the 
®C C MGb e^ Gg 
variance of permanent environmental influences on maternal effects. Upon 
A, 2 A 2 
comparing with , the remainder was negative. A negative vari­
ance is theoretically impossible. This exemplifies the large error which 
is associated with the estimates of theoretical components. 
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The variation within dams (CJ q^) is composed of the parameters 
2 ? 
3/407 and (T . 
^ G 
Repeatability is a measure of the relative importance the permanent 
characteristics of a cow has on weaning weight of her calves. Repeatabili-
ty was estimated by . Estimates of the between-and within cow 
components of variance and repeatabilities of weaning weight for calving 
patterns are given in Table 12. These estimates do follow the pattern of 
those reported by Koch and Clark (1955a). 
The affects of rate of maturity in maternal ability increased the 
within cow component of variance in the calving patterns which contained 
cows of younger ages. This environmental variation would be important if 
the age of dam effects were not adequately removed. 
The largest estimate of repeatability of weaning weight was in calving 
pattern 7. This estimate was largest because of the extremely large be­
tween- cow component of variance for we&ning weight. The dams of the 
calves included in calving pattern 7 had the largest between-cow variance 
for mature weight. The cows included in this calving pattern did not 
calve as 3-year-olds. These cows were, at 4 years of age, 85 pounds 
heavier than 4-year-old cows which had calved as 3-year-olds. The extra 
weight of the cows included in calving pattern 7 was probably due to addi­
tional weight associated with skeletal growth and/or condition. The large 
between.cow variance for weaning weight in calving pattern 7 was probably 
caused by the large variation among dams in their mature weight. The cows 
included in calving pattern 7 calved at 4 and 5 years of age. The 
adjacency of the records of relatively mature individuals probably caused 
Table 12. Estimated between-and within cow components of variance and repeatability of weaning 
weight within calving pattern 
Calving 
pattern 
Ages 
at 
calving 
Number 
of 
cows 
Number 
of 
calves 
Components 
Between 
cows 
of variance 
Within 
cows 
Repeat­
ability 
Standard 
error 
1 3 through 9 55 385 211.69 1076.08 0.16 0.048 
2 3 through 8 27 162 129.65 950.51 0.12 0.069 
3 3 through 7 47 235 246.25 896.31 0.22 0.067 
4 3 through 6 76 304 191.35 1122.84 0.15 0.057 
5 3 through 5 122 366 245.59 1014.51 0.18 0.055 
6 3 through 4 248 496 595.41 1301.78 0.31 0.057 
7 4 through 5 66 132 1358.78 899.13 0.60 0.078 
8 4 through 8 19 95 129.08 824.78 0.14 0.097 
9 5 through 6 58 116 488.18 733.28 0.40 0.1102 
10 5 through 8 28 112 141.67 1215.12 0.10 0.090 
Pooled 
i 
746 2403 393.69 1052.98 0.27 0.022 
51 
the variation within cows to be small relative to the between-cow variation. 
The within cow variance of weaning weight was largest in calving pat­
tern 6. The weaning weights included in this calving pattern were of 
calves from cows which had calved as 3- and 4-year-olds. The dams of 
calves included in this calving pattern had the largest within cow variance 
for mature weight. The relative magnitude of both within cow variances .is 
indicative of differences in rate of change in maternal environment and 
weight. The weight change between the ages 3 and 4 is the largest weight 
change between any two consecutive ages between 3 and 10 years of age. 
Rate of maturity in weight within a cow is affected by the rate of maturi­
ty of maternal ability. The large within cow variance of weaning weight 
is indicative of a large difference in rate of maturity of maternal envi­
ronment provided at ages 3 and 4. The large within cow variance is also 
indicative of the relative ineffectiveness of age of dam correction factors 
at the younger ages. This relative ineffectiveness is a result of the 
variation in the rate of maturity among young cows. 
The between-cow variance of calving pattern 6 is relatively large, 
although less than half the magnitude of the between-cow variance of calv­
ing pattern 7. These results indicate that at the younger ages there are 
large differences in levels of the permanent affects of the dam. However, 
this variation is reduced by the stresses of persistent reproductivity 
throughout life. 
Calving pattern 9 had the lowest within cow variance. This could be 
due to similar environments provided at ages 5 and 6. The cows were 
mature at both ages and were changing relatively little in the maternal 
environment which they provided. 
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The repeatability estimate for calving patterns 1, 2, 3, 4, 5, 8 and 
10 have relatively large standard errors. 
The components of covariance which were estimated in the previously 
discussed analyses are presented in Table 13. The theoretical composition 
of the estimated values in terms of genetic and environmental sources of 
variance are also given in Table 13. These five estimated values and the 
five theoretical components form a set of simultaneous equations, the solu­
tion of which gave a unique estimate for each source. These are also 
given in Table 13 as absolute values and as percentages of the total vari­
ance in weaning weight. 
It is evident from Table 13 and the previous discussion that selection 
on the basis of different relationships will put emphasis on different com­
ponents affecting weaning weight. Selection of sires on the basis of their 
2 
progeny means will put all of the direct pressure on O"» • Since Ol . 
is negative, the increase in the additive genetic merit for weaning weight 
would be at the expense of the additive merit for maternal ability. Selec­
tion on the basis of the dams' progeny will place greater emphasis on mater­
nal ability than on weaning weight as far as the genetic values of the 
dams are concerned. 
Estimates of the theoretical components of variance revealed a rela­
tively strong antagonism between the effects for weaning weight and mater­
nal ability. The estimated genetic correlation between weaning weight and 
maternal ability was -0.53. This estimate is lower than the estimates re­
ported by Koch and Clark (1955c) (-0.67) and Deese and Roger (1967) for 
the cross-breds (-0.69) but higher than the estimate for the Brahman herd 
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Table 13. Estimates of components of covariance and their theoretical 
composition 
Theoretical composition 
Covariance Estimated 2 2 2 2 
components value ^ A Ce 
M L 
2 
<^ S 79.73 1/4 
2 
106.91 1/16 1/4 1/4 
OT)0 149.32 1/2 1/2 5/4 ? 
2 
CTc 393.69 1/4 1 1 1 
2 
(?wc 1052.98 3/4 
Estimates of theoretical components 
318.92 521.18 -216.58 9.37 813.79 
Estimates of theoretical components ex­
pressed as a percentage of the total 
variance 
22.04 36.03 - 14.97 0.65 56.25 
(0.0). Hill e_t (1966) estimated the correlation to be -0.31. All re­
ported estimates of this correlation are negative. 
The heritability of maternal ability calculated from the estimates of 
the theoretical components was 0.36. This estimate is in agreement with 
the estimates reported by Hill e^ aA. (1966) of 0.29 and Deese and Koger 
(1967) for the crossbred data of 0.46. The heritability for weaning 
weight, 0.22, is lower than estimates reported by Hill et al. (1966) and 
Deese and Koger (1967), 0.32 and 0.40, respectively. 
The heritability of the total genotypic value as described by 
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Dickerson (1947) is 
.2 
a-p2 
= 0 .18 .  
This estimate 0.18 is in close agreement with estimates reported by Koch 
and Clark (1955c) and Deese and Roger (1967) for the crossbred data, 0.19 
and 0.17, respectively. 
The agreement of the present estimates with other estimates derived 
from either crossbred data (Deese and Roger, 1967) or data containing out-
cross records (Koch and Clark, 1955c) suggests a mating system or breed 
difference in these estimates. The estimates of Deese and Koger (1967) 
derived from Brahman data are different from the ones derived from the 
crossbred data. 
Relation of Mature Dam Weight with Weaning Weight of Offspring 
The component of covariance analysis as described by Kempthorne (1957) 
was used to obtain estimates of covariance of mature weight of the dam 
with weaning weight of offspring. 
Mature weight had been adjusted for the year and age at the time the 
records were made. Weaning weight was adjusted for the differences in 
sex, year and age of dam. The adjusted mature weight of the dam and wean­
ing weight of her calf were summed. The following model was used to des­
cribe the sum 
where. 
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^ijkl ~ sum of the weaning weight of the offspring and the 
mature weight of the dam in the birth year group 
within the i^^ calving pattern, 
jj^  = the overall mean of the sum of the two variables, 
a^ = the effect of the i^^ calving pattern, 
bij = the effect of the birth year group of the dam within the 
i^^ calving pattern, 
c^j^ = the effect of the dam within the birth year group 
within the i calving pattern, and 
e. .1 1 = the effect peculiar to each Y. variable. ijkl ijki 
The composition of the between-dam component of covariance is 
1/2 07, + 1/2(7" . + or . + cr^ + 1/2(3% + (T 
where, 
A 
W MW = the covariance of the additive genetic effect for weaning 
weight with the additive genetic effect for mature weight, 
01 . = the covariance of the additive genetic effect for maternal 
W M 
ability with the additive genetic effects for weaning 
weight, 
Œ A - the covariance of the additive genetic effect for maternal 
VSffij 
ability with the additive genetic effects for mature weight, 
(T2 = the additive genetic variance for maternal ability, 
QT = the covariance of the additive genetic effects for maternal 
ability with the permanent environmental effects for mature 
weight, and 
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Q- g = the covariance of the permanent environmental effects of the 
C MWp 
dam for weaning weight with the permanent environmental 
effects for mature weight. 
The composition of the within dam source of variation is g , 
W MW 
where Gg g = the covariance of the temporary environmental effects 
W MW 
for weaning weight with the temporary environmental effects for mature 
weight. 
The estimates of the between-and within cow covariances of mature cow 
weight with weaning weight of the calf are given in Table 14 for the sever­
al calving patterns. 
2 
The components, CT. and CT , were previously estimated. There-
 ^ VSi 
fore, by substitution 
•"Vm 
The genetic correlation of weights taken at various stages of growth 
have been reported to be high and positive (Brinks ^  al., 1962a and 1964b; 
Koch and Clark, 1955a; Shelby et a^., 1963; Swiger, 1961; and Swiger e^ al., 
1962). The differences in signs of the estimates of the between-cow com­
ponents of covariance are probably due to the effects of the components 
02 E and (J~ „ . The estimate of the component CTp^ g would have 
M MWp C MWp M MWp 
a negative sign. The individuals with a large genetic potential for milk 
production use energy to fulfill this potential during lactation. An envi­
ronment which permits excessive fattening conditioning of the cow would be 
environmentally harmful toward milk production. This would cause the 
component CTg to be negative, especially in cows which were nonparous. 
Table 14. Estimated between-and within cow components of covariance and correlations between mature 
cow weight and weaning weight 
Calving 
pattern 
Number 
of 
cows 
Number of 
records 
per cow MM,WW 
Gif 
MWjWW 
rb, c 
1 55 7 374.06 16.83 0.355 0.042 
2 27 6 - 38.88 -126.37 -0,049 -0.136 
3 47 5 118.97 117.85 0.120 -0.109 
4 76 4 289.81 - 13.31 0.308 -0.013 
5 122 3 -117.91 87.48 -0.107 0.085 
6 248 2 -128.04 -248.92 -0.083 -0.103' 
7 66 2 -319.27 - 13.27 -0.111 -0.013 
8 19 5 -192.57 - 26.71 -0.432 -0.027 
9 58 2 -770.00 21.25 -0.483 0.028 
10 28 4 -192.55 -404.02 -0.253 -0.340 
Pooled 746 3.083 39.88 37.25 0.029 0.028 
^Correlation calculated using between cow component of covariance as the numerator. 
^Correlation calculated using within cow component of covariance as the numerator. 
^Denominator is the square root of the product of the respective variances in Tables 10 and 12. 
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However, in cows which have had more than two calves in succession in an 
environment of sparse or limited feed supply, the component may be zero or 
positive. If the genetic components of the between-cow component of 
covariance are assumed to be constant through all calving patterns, a com­
parison of the estimate of the between-cow components of covariance sup­
ports the previously discussed argument that (JÂ w and (T p are 
VMWp C MWp 
negative. 
The cows included in calving patterns 1 through 6 all calved as 3-
year-olds. The cows included in calving pattern 6 calved as 3- and 4-year-
olds. The between-cow component of covariance in calving pattern 6 is 
negative. The between-cow component of covariance in this case was affect­
ed because both QZ „ and (JT „ were negative. (T p would be ex-
^ MWp C MWp 
pected to be negative because of the good environment provided by the 
management of the cows previous to 3 years of age. The influence of this 
environment gradually diminishes in successive calvings. The estimate of 
the between-cow component of covariance of calving pattern 5 was not as 
large as that of calving pattern 6. The between-cow components of covari­
ance in calving patterns 1 through 4 were positive, with the exception of 
calving pattern 2. The negative between-cow component of covariance in 
calving pattern 2 may be due to sampling. 
The between-cow components of covariance of calving patterns 7 and 9 
were negative. The cows included in calving pattern 7 did not calve as 
3-year-olds. The cows in calving pattern 7 probably converted most of their 
consumed nutrients to weight associated with skeletal growth although 
they were probably above average in condition. The cows included in 
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calving pattern 9 were nonparous at 5 years of age. These cows were more 
mature in the year they did not raise calves than those in calving pattern 
7. Therefore, the cows included in calving pattern 9 probably were more 
highly conditioned at 5 years of age than the cows in calving pattern 7 at 
4 years of age. This would account for the larger negative between-cow 
component of covariance in calving pattern 9 than in calving pattern 7. 
The number of cows included in calving patterns 2, 8 and 10 were 
small. The magnitude and sign of the components of covariance in these 
calving patterns could be due to sampling. 
The partial regression of weaning weight of the calf on the mature 
weight of the dam was 0.012. This value is low. There would be expected 
only 1.2 pounds increase in weaning weight for every 100 pounds increase 
in mature cow weight. Selection for increased mature cow weight is not a 
practical means of increasing weaning weight. 
The partial regression of mature weight of the dam on weaning weight 
of the calf was 11.70. Thus, an increase of 11.70 pounds in mature weight 
would be expected per pound increase in weaning weight of the calf. The 
increase in weaning weight would not be profitable because of the accompany­
ing increase in mature weight. 
From these results, it seems that selection of dams should be on the 
basis of the weaning weight of their steer calves, whereas selection of 
sires should be made on the basis of the weaning weight of their heifer 
calves. However, the selection index has been shown to be the most effi­
cient type of selection. Defining H (the aggregate genotypic value) as 
1/2 where. 
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G. = the additive genetic merit for weaning weight of steers, 
W^(f 
G. o = the additive genetic merit for weaning weight of the heifers, and 
"W+ 
G. = the additive genetic merit for maternal ability, 
several selection indices can be compared. The value b^ in the selection 
index = b^X^, where X^ is the weaning weight of a heifer who is the 
subject for selection, was estimated as -0.06. The correlation of this in­
dex with H was 0.009. 
The index for the selection of cows on the basis of two steer progeny 
was Ig = .39X2, with Rj; H = 0.42. The index for cow selection on the basis 
of one steer and two heifer progeny was + .04X^, with = 
0.14. 
The index for selection of bulls on the basis of 11 steer and 11 
heifer progeny was = O.OOOSX^ + 0.014X^5 with Rj h = 0.0001. The expla­
nation for these apparently peculiar results is that advances in direct 
genetic effects are almost exactly counterbalanced by the associated de­
cline in maternal ability. While the correlations between genetic merit 
and cow performance are high enough to indicate that genetic improvement 
can be made by selecting high producing cows, the time required and the low 
selection intensity will mean that the actual genetic improvement is very 
slow. 
There is a need for further study of the genetic relationship of wean­
ing weight and mature weight. The relationship is needed for the construc­
tion of a selection index for weaning weight which includes mature weight. 
The selection index for weaning weight should be calculated with the re­
striction that the covariance of the index with mature weight is zero. 
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SUMMARY 
The purpose of this study was to estimate the relationships of the 
additive genetic effects among weaning weight, mature weight and maternal 
ability. 
The data used in the study were collected at the United States Range 
Livestock Station at Miles City, Montana, during the years 1939 to 1962, 
inclusive. The weights were of Hereford cattle which were produced by and/ 
or make up the "test herd". This herd is maintained for use in progeny 
testing inbred bulls from lines maintained at the station. 
Spring and fall cow weights were available for study. The spring 
weights were taken each year around the middle of March or an average of 
39 days before parturition. The fall weights were taken at weaning 
around the middle of October. All sources of variation included in the 
model describing spring and fall cow weights were statistically signifi­
cant (PCO.Ol). Age-parity accounted for the major part of the variation 
in both spring and fall cow weights. However, the effect of the source of 
variation, age-parity, was more pronounced in the spring cow weights. This 
is due to the cows which did not calve the preceding year having a higher 
degree of fleshing than the cows which nursed a calf the preceding year. 
During the nursing period the nonparous cows lost more weight than did the 
parous cows. The effects of parity were largest in the younger cows. This 
is primarily due to the effects of parity on skeletal and muscular growth 
versus its effects on fattening. There was only slight evidence, in the 
comparison of the parous vs. nonparous cows among ages, of an age of dam 
by parity interaction. The sex of the calf caused a 7.26 pound difference 
in the spring weight of the cows. The cows which nursed steer calves were 
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on the average 0,45 pounds lighter at weaning time than the cows which 
nursed heifer calves. After adjustment of sources of variation considered 
in the model, repeatability of cow weight was estimated to be 0.72. 
Heritability estimates of weaning weight were determined within each 
sex from paternal half-sib correlations. The heritability estimate for 
steers (0.04) is considerably lower than generally reported, whereas, the 
heritability for the heifers (0.24) is in fair agreement with reported es­
timates. The standard error of the estimates were 0.04 and 0.07 for the 
heritability of the steers and heifers, respectively. A multiplicative ad­
justment for the differences in weaning weight due to sex is indicated due 
to a significant difference in the variances of the two sexes. 
Estimates of repeatability for weaning weight, when considered as a 
characteristic of the cow, were obtained for the ten calving pattern 
groups and the pooled analysis. The pooled estimate of repeatability of 
weaning weight was 0.27. 
The effects of rate of maturity in maternal ability increased the 
within cow component of variance in the calving patterns which included 
cows of younger ages. This environmental variation would be important if 
the age of dam effects were not adequately removed. The between-cow com­
ponents of variance were larger in calving patterns which included cows 
that had calved only at two ages. The largest between-cow component of 
variance was due to weaning weights of calves produced by 4- and 5-year-
old dams. The second and third largest between-cow components of variance 
were found among calves produced by 3- and 4-year-old dams and 5- and 6-
year-old dams, respectively. With the inclusion of three or more records 
from a cow, the between-cow variances were reduced and remained fairly 
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constant in different calving patterns. These results indicate that at 
younger ages, with only two records, there were large differences in per­
manent environmental effects. However, this variation is reduced by the 
stresses of persistent reproductivity. 
Estimates of the covariances of paternal half-sibs, maternal grand-
sire, quarter-sibs, dam-offspring, maternal half-sibs and the within dam 
component of variance were obtained. These estimates were equated to their 
theoretical expectations. Solution of these five equations with their five 
unknowns permitted estimates of heritability for the direct effects of 
weaning weight (0.22), maternal ability (0.36), and the genetic correlation 
(-0.53) between the two effects. These estimates are subject to consider­
able error. The heritability estimates of weaning weight may be considered 
low whereas, the heritability estimate of maternal ability may be con­
sidered a little high in a comparison of reported estimates. 
The results of different types of family selection were discussed. 
Selection of sires on the basis of their progeny would emphasize growth at 
the expense of maternal ability. Individual selection would put emphasis 
on the genetic merit for growth. 
Covariances of mature cow weight with weaning weight of the calf were 
estimated for different calving patterns. The between-cow covariances were 
influenced by the theoretical covariances of the additive genetic effects 
for maternal ability with the permanent environmental effects for mature 
weight (O^ g ), and the permanent environmental effects of the dam for 
M MWp 
weaning weight with the permanent environmental effects for mature weight 
g ). These latter components were responsible for the larger 
c MWp 
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negative covariances of weaning weight with mature weight in the calving 
patterns which included only two records per cow. The cows which were in­
cluded in calving patterns 6, 7 and 9 had records at ages 3 and 4; 4 and 5; 
and 5 and 6, respectively. The theoretical components, ^ and 
0^ , were probably negative in calving patterns 6, 7 and 9 because of 
the conditioning of the heifers before they reached 3 years of age. 
The estimates of the covariance of mature weight with weaning weight 
were also influenced by two factors. 
These data were of cows which have had from 2 to 7 successive calves. 
The mature weights of the cow are lower than their potential because of the 
stresses of pregnancy and rearing a calf each year. Thus, a true estimate 
of the genetic variability for mature weight was obscured by these envi­
ronmental effects. Mature weight was not adjusted for the differences in 
the degree of fleshing because it was not possible to distinguish between 
structural size and condition of cows. If maternal ability is associated 
with condition, then the cow that is heavy because of condition would not 
be expected to wean a heavy calf. This would seem to be an important in­
fluence in the negative estimates of the covariance of weaning weight and 
mature weight. 
The variation in weaning weight which was due to mature weight of the 
cow was not statistically significant (F = 1.26, 1,1657 d.f.). The partial 
regression of weaning weight of the calf on mature weight of the dam was 
estimated to be 0.012. Therefore, the only advantage in selecting for 
larger cows would be in the extra income in the salvage of the old cows. 
This extra return would not compensate for the maintenance required for 
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the additional weight. 
Selection for heavier mature weight in cows would not be a practical 
means of increasing weaning weight. However, selection of lighter cows 
which wean heavy calves would be desirable. This is assuming there is not 
a relationship of mature weight with longevity, rate of calving and number 
of calves weaned. 
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